Prior to 1960 a Polya gastrectomy was the most frequent operation for duodenal ulcer. The majority ofthese patients now have reached the age of sixty or older. A prospective longitudinal study of a cohort of patients who underwent gastrectomy between 1955 and 1960 was undertaken. Twenty five to thirty years later the study has revealed the extent of the nutritional problems that may arise with the passage of time and shows that these numerically far outweigh the mechanical post-gastrectomy syndromes and weight loss which tended to dominate the earlier post-gastrectomy scene.
Introduction
Today in many centres a partial gastrectomy, whilst often the procedure of choice for gastric ulceration, is performed only occasionally for duodenal ulceration, a proximal gastric vagotomy or other vagotomy procedures having taken its place. Prior to 1960 however, a Polya gastrectomy was the most frequent operation for duodenal ulceration and many thousand operations were performed annually. The majority of these patients were early middle aged and now, 25-30 years on, have reached the age of 60 or older and form a considerable number of the elderly population. A prospective longitudinal study of a cohort of patients who underwent gastrectomy between 1955 and 1960 was undertaken to study the progress of such patients as they grew older. The primary purpose of the study was to determine the effect of the operation on overall nutrition, and in particular, the frequency and time of onset ofdeficiencies of iron, vitamin B12 and vitamin D (early osteomalacia).
Patients
In 1969, 227 patients who had undergone partial gastrectomy for duodenal ulceration between 1955 and 1960 at University College Hospital in London were located. Of these 186 had undergone a Polya gastrectomy (141 males and 45 females) and 41 a Billroth I gastrectomy (24 males and 17 females). All agreed to attend a special follow-up clinic and since then only 17 have defaulted. The remainder continued to attend annually or more frequently for as long as they were able. Over the years, 37 have moved away, 41 have become unable to attend by virtue of age or frailty and 77 have died, leaving 52 still attending (40 men and 12 women). The average follow-up period was 20 years.
Methods
At each attendance the patients were seen by the same clinician (FIT) according to a standard proforma. They were weighed, a clinical history was taken with a dietary survey and any relevant physical examination related to symptoms was done. A record was made of capacity for food, the presence of diarrhoea and of post-gastrectomy mechanical syndromes. In addition X-ray examination of the right second metacarpal and faecal fat determinations were done on certain patients as mentioned later. Blood was taken for the following investigations: (1) full blood count; (2) serum iron and total iron binding capacity (TIBC) unless under treatmerit for iron deficiency; (3) 
Results

Weight loss, capacityforfood andpost-gastrectomy syndromes
Following a 1-2 year settling-in period after the operation there was little change in the patients' age-adjusted weight status (Table I ) or in their capacity for food. There were only a few patients whose diet was grossly deficient and in whom dietary advice resulted in a weight increase. Weight loss bore a close relationship to capacity for food and post-gastrectomy mechanical syndromes.
A moderately reduced capacity was found in 26% of males and 37% of females and a severely reduced capacity in 13% and 32% respectively. Post-gastrectomy syndromes did not feature any more in the group with moderately reduced capacity than in the whole series, but 88% of those with severely reduced capacity had mechanical syndromes. Table II shows the incidence ofpost-gastrectomy syndromes. These became manifest soon after operation and tended to persist. They became a much smaller problem numerically later on than iron or vitamin B12 deficiency.
Steatorrhoea and diarrhoea
Mild steatorrhoea (6-12 g fat per day) was present in 14% and severe steatorrhoea (> 12 g fat per day) in 20% of those investigated. There was no difference in the overall incidence of steatorrhoea between the Polya (37%) and the Billroth 1 (24%) groups ofpatients except that none of the Billroth I patients had severe steatorrhoea.
The pattern ofdiarrhoea when present remained consistent throughout the follow-up. None of the Billroth I patients complained of continuous diarrhoea but this was present in 5% of the Polya group, being a major problem in one male patient (0.5%). Moderate steatorrhoea was found in 20% 
Sex differences
From most aspects women patients seemed to do less well than men patients. There was a much higher incidence of severely reduced capacity for food, post-gastrectomy mechanical syndromes and Year Figure 1 Prevalence of iron and B12 deficiency and osteomalacia in male and female patients aversions in the female patients. They fared worse also with regard to the incidence of iron and vitamin B12 deficiency and even more markedly in the occurrence of vitamin D deficiency (Table III and Figure 1 ). The onset of iron deficiency appeared much earlier in the women patients, particularly in those who were pre-menopausal at the time of operation; it developed during the first 20 years in 81% (22/27) of the pre-menopausal compared with 63% (22/35) of the post-menopausal women.
Discussion
This study is unique in that it presents a continuous prospective follow-up of a gastrectomy population over 25 -30 years and was aimed principally at the detection and treatment of iron, B12 and vitamin D deficiencies before the development of anaemia or clinical osteomalacia. Previous studies have been reviewed by Fischer,10"l' who himself did a retrospective study of 1,025 Polya patients in 1977 22-30 years after operation, of whom he traced 423 patients. The reported incidence of iron deficiency with anaemia varied from 5% to 62% in 11 studies reviewed by Fischer and from this present study it is apparent that this figure must vary according to the duration of follow-up. No other reports have shown a rising prevalence at different periods after gastrectomy ofiron deficiency prior to the development of anaemia, this prevalence rising to 91.7% in females and 67.5% in males after 25 years. In comparison Small'2 (quoting Allan) reported that the prevalence of iron deficiency anaemia remained steady at 15-18% over a 20 year period.
Iron deficiency has been reported as occurring more frequently when the duodenum has been bypassed'3 but no difference was seen in this series between Billroth I and Polya gastrectomies.
Iron deficiency anaemia following a gastrectomy may be the result of several factors. One factor is the reduction of acid and pepsin secretion thus reducing the conversion of ferric to the more easily absorbed ferrous iron and of organic to inorganic iron. This is enhanced by uncontrolled rapid emptying which also allows the rapid passage over the principal sites of absorption in the duodenum and upper jejunum. Rapid emptying results in post-gastrectomy mechanical syndromes and reduced capacity for food and therefore one would expect a higher incidence of iron deficiency in such patients. This was demonstrated in the male patients but surprisingly not in the female patients in whom the onset was earlier, bearing a relationship to age at the time of operation and being more, though insignificantly so, in the pre-menopausal (81%) than in post-menopausal patients (63%).
Vitamin B12 deficiency was reported as occurring in 10-50% of patients after gastrectomy in 7 studies reviewed by Fischer although he found none in his own series. Buxton'4 reviewing 43 patients found an incidence of 56% at 10 years and 81% at 15 years, reporting that the earliest onset was 51 years after operation. Deller and Witts'5 reported a sharp fall in B12 levels for the first 6 years which then levelled off. This series shows a rising prevalence with length of time after operation rising to 83.3% in women and 70% in men after 25 years.
Vitamin B12 deficiency is related to stomach loss and not to uncontrolled emptying. It is enhanced by gastritis due to bile reflux. Another possible factor is competition for vitamin B12 from bacterial group.bmj.com on August 28, 2017 -Published by http://pmj.bmj.com/ Downloaded from colonization of the afferent loop. The first two causes are demonstrated in this series by the absence of any relationship between capacity for food which is an index of uncontrolled emptying and by the significantly higher incidence in patients with symptoms of bile reflux. The incidence, however, was similar following Billroth I and Polya gastrectomies suggesting that the presence of a blind afferent loop is of lesser importance.
Most previous reports of post-gastrectomy osteomalacia have been concerned with clinical osteomalacia. Morgan and colleagues 16, 7 reported on the value of serum alkaline phosphatase estimations in the detection of osteomalacia. The detection of early or subclinical osteomalacia is obviously of great value in preventing the later onset of distressing pain and stress fractures, and this study shows the benefit of screening for an unexplained rise in serum alkaline phosphatase of bony origin and the value of a therapeutic trial of vitamin D and calcium to confirm a diagnosis.
It has long been suspected that osteoporosis in advance of normal ageing could be a major problem after gastrectomy.'8 Morgan and colleagues'6"'7 found a reduced cortical width in the mid point of the second right metacarpal in 11% of patients between the ages of40-59 more than 10 years after gastrectomy and in 28.5% of those aged over 60, the onset being earlier in women. More recently Paakkonen and colleagues'9 described a significant reduction in bone density using the Am gamma ray attenuation method in all of 18 Billroth I and 19 Polya gastrectomy patients examined 24-29 years after operation. The Exton-Smith formula8 for detecting osteoporosis based on measurements of the second right metacarpal has been superseded by more sophisticated methods such as photon absorptiometry and quantitative computerized tomography which were not available to us at the time of this study. It needs to be remembered that osteoporosis is another important effect of gastrectomy and its magnitude needs to be determined and further studies are now in progress. Unfortunately no adequate preventive or therapeutic treatment is yet available.
The association between steatorrhoea and weight loss has been well documented and reviewed by Hillman.20 Steatorrhoea is a major factor in vitamin D deficiency and reduced calcium absorption. Paakonen and colleagues'9 report of a 25% incidence after 10 years. In this series the occurrence of severe steatorrhoea (> 12 g/day) only in Polya and not in Billroth I patients suggests that the loss of duodenal continuity is important. The presence of an afferent loop results in both pancreatico-cibal asynchrony with a delay in pancreatic enzymes reaching the food during its passage down the small intestine2' and also the inactivation of the lipase from bacterial contamination in the loop. 22 The incidence of weight loss and of postgastrectomy syndromes presented early on during this study corresponded with that of other series.' 223 '25 In the course of time they became a much smaller problem numerically than iron and vitamin B12 deficiencies.
In conclusion, this study demonstrates the increasing prevalence particularly of iron and of vitamin B,2 deficiency in a gastrectomy population, reaching approximately 75% in 20-30 years. This stresses the importance of regular screening for both iron saturation and vitamin B12 levels to anticipate the development of severe deficiency, the importance of this rising with passing years. In addition, at the end of the first decade any unexplained joint or bone pains, or pathological fractures may be a result of osteomalacia, and this again can be anticipated by regular screening of serum alkaline phosphatase with further investigation of those patients with rising levels.5 '6 It is important now that gastrectomy is performed less frequently, not to forget the large number of gastrectomy patients still alive in whom late nutritional deficiencies may develop. These patients should be annually screened and the need for this increases in importance with advancing age.
